The diffusion-in-gel enzyme-linked immunosorbent assay (DIG-ELISA) is a new and simple method for quantitation of antibodies, based on the ability of antibodies to diffuse from wells in gel and adsorb to antigen which is bound to a polystyrene surface. The antigen-antibody reaction is visualized with a color reaction caused by horseradish peroxidase-conjugated class-specific anti-immunoglobins. This method was used to study the immunoglobulin G, A, and M immune response to Salmonella typhi O antigen in individuals immunized with a monovalent heat-inactivated typhoid vaccine. The antibody values obtained by the DIG-ELISA method correlated with those evaluated by conventional direct agglutination (Widal) and indirect hemagglutination methods. The DIG-ELISA method was also found to be sensitive, specific, and economical, as well as suitable for handling large numbers of sera while requiring very simple equipment.
The direct tube agglutination method (Widal) has primarily been used for determination of serum antibodies in cases of suspected typhoid fever (10, 13) . Serum antibodies to Salmonella can also be determined with the indirect hemagglutination method (7, 11) . The agglutination techniques only allow for determination of agglutinable antibodies and cannot discriminate between specific immunoglobulin G (IgG), IgA, and IgM antibodies.
Proteins, as well as other macromolecules of antigenic nature, adsorb to solid surfaces, forming a monomolecular layer and retaining antigenic activity (1) . The antigen-coated solid phase is usually made of plastic and will act as an immunosorbent when exposed to the corresponding antibody. Visualization and quantitation of the antibodies bound can be performed by different methods. The most well known, the enzyme-linked immunosorbent assay (ELISA), was introduced by Engvall and Perlmann (5) . With this technique, the amount of bound antibody is quantitated indirectly by the color intensity ofthe enzyme-conjugated anti-immunoglobulin bound to the specific antibody. Another method of evaluating the level of specific antibodies is to use their ability to form a diffusion gradient in a gel layered over an antigen-coated surface. The antigen-antibody reaction can then be visualized either by condensation of water (diffusion-in-gel thin-layer immunosorbent assay) (2) or by the color of an enzyme-conjugated (4) . Both of these methods allow for the detection of class-specific antibodies.
The present paper describes the application of the DIG-ELISA method for determination of specific serum antibodies to Salmonella typhi O antigen in individuals immunized with a typhoid vaccine. In addition, the DIG-ELISA method is compared with the direct and indirect hemagglutination techniques.
MATERIALS AND METHODS Sera. Sera were obtained from 38 individuals before and up to 35 days after one immunization with a monovalent heat-inactivated typhoid vaccine (109 bacteria per ml; National Bacteriological Laboratory, Stockholm, Sweden). Some sera were also obtained from individuals after they had received a second injection. A total of 103 sera were analyzed. A more detailed report on the routes of immunization and doses has been given earlier (7) .
Sera were also obtained from 40 Fig. 1 show that the diameter of the DIG-ELISA reaction increased significantly, i.e., more than 1 mm (Elwing et al., in press), in sera from individuals after one dose of typhoid vaccine. The diameter increase was significant for S. typhi antibodies of the IgG, IgA, and IgM classes. The diameter values before vaccination were higher for IgG (x = 7.5 ± 0.5 mm) than for IgA (x = 3.5 ± 0.2 mm) and IgM (x = 4.3 ± 0.2 mm). The prevaccination diameters for each immunoglobulin class of the vaccinees (Fig. 2) (13) . Whatever the type(s) of these antibodies might be, the existence of prevaccination titers indicates the necessity of analyzing at least two serum samples from each patient so that the variation ofspecific antibodies caused by illness or vaccination can be related to the initial level.
It has recently been shown that the peroxidase conjugates, as well as the substrate p-phenyl- 
